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Amendmegits to the Claims : 

This listing of claims will replace all prior versions, and listings, of claims in 
the application: 

1. (Currently Amended) — method — tor — determiiiiiig 
driving — wheel — Lorque — for — a — vehicle — having — a — hybr i d — electric 
power train, — the — power brain — comprising — an — engine, — an — electric 
motor, — a — battery, — a — genera Loj- — and gearing — that — define — plural 
torque — flow — paths — from — the — engine — and — the — motor — to — a — borque 
output shaft, — the method comprising ; 

calculating angular acceleration o£ — the mo to j, , 

calculating angulax acceleration o£ — the engine , 

calculatiiiy — momen t s — of — inertia — of — Lhe mo tur — and — the 

generator ; 

calculating — static — gearing — output — torque — and — motor 
torque ; — and 

estimating total wheel torque — as — a function — of- 

operating variables inulading inertia of both the motor and the 
generator , angul ar acceleration o£ — the engine , — motor — borque and 
torque ratio from the iikotor to the vehicle wheels, 

A method for determining driving wheel torcrue for a 

vehicle having a hybrid electric oowertrain, the powertrain 

comprising an engine, an electric motor, a battery, a generator 
and gearing that defin e olural torcrue flow oaths from the engine 
and the motor to a torcrue output shaft, the oowertrain having a 

parallel operati ng mode in which the engine and the motor 

together solely define a power source and a non-parallel 

operating mode in whi ch the engine, the generator and the motor 
solely define a pow er source, and a powertrain controller for 
controlling p ower distribution to vehicle traction wheels; the 
method comprising: 
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measuring values for motor speed, generator speed, 
engine speed, motor torque, generator torque, engine toraue and 
storing these values in the controller; 

calculating an angular acceleration for the motor; 

calculating an angular acceleration for the engine; 

determining whether the power train is operating in the 
parallel operating mode or in the non-parallel operating mode; 

calculating a combined moment of inertia for the motor 
and a gearing element to which it is connected; 

calculating a combined moment of inertia for the 
generator and a gearing, element to which it is connected; 

calculating a combined moment of inertia for the engine 
and a gearing element to which it is connected; 

calculating toraue ratio of gearing between the 
generator and the motor; 

calculating toraue ratio of gearing between the engine 
and the motor; 

calculating toraue ratio of gearing between the motor 
and vehicle traction wheels; 

calculating static gearing output toraue at the motor 
when the powertrain is in the parallel operating mode as a 
funct ion of toraue ratio of gearing between the engine and the 
motor , engine toraue, the combined moment of inertia of the 
engine and a gearing element to which it is connected, and 
angular acceleration of the engine; 

calculat ing static gearing output toraue at the motor 
when the po wertrain is in a non-parallel operating mode as a 
function of toraue ratio of gearing between the generator and the 
motor and generator torque; and 

estimati ng total wheel torque as a function of torque 
ratio of ge aring between the motor and the traction wheels, 

torque of the motor, static gearing output torque, combined 

moment of in ertia of the generator and a gearing element to which 
• it is connect ed, angular acceleration of the engine, the sum of 
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the combined moment of inertia of the motor and a gearing element 
to which it is connected and the combined moment of inertia of 
the generator and a gearing element to which it is connected and 
engine angular acceleration; 

whereby total output torcrue at the traction wheels for 
given operating conditions is estimated to permit control of 
traction wheel torgue and ensure that actual powertrain output 
torcrue corresponds to a torcaie command bv the controller, 

2. (Withdrawn) A method for determining driving 
wheel torque for a vehicle having a hybrid electric powertrain 
with a parallel operating mode, the powertrain comprising an 
engine, an electric motor, a battery, a generator and gearing 
that define plural torque flow paths from the engine and the 
motor to a torque output shaft, the method comprising: 

calculating angular acceleration of the motor; 

calculating angular acceleration of the engine; 

calculating moments of inertia of the motor, the engine 
and the generator; 

calculating static gearing output torque and motor 
torque; and 

estimating total wheel torque as a function of 
operating variables including inertia of both the motor and the 
generator, angular acceleration of the engine, motor torque and 
torque ratio from the motor to the vehicle wheels. 

3 . (Withdrawn) A method for determining driving 
wheel torque for a vehicle having a hybrid electric powertrain 
with a non-parallel operating mode, the powertrain comprising an 
engine, an electric motor, a battery, a generator and gearing 
that define plural torque flow paths from the engine and the 
motor to vehicle wheels, the method comprising: 

calculating angular acceleration of the motor; 
calculating angular acceleration of the engine; 
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calculating moments of inertia of the motor and the 

generator ; 

calculating static gearing output torque and motor 
torque during operation in the non-parallel mode as a function 
of torque ratio from the generator to the motor and generator 
torque; and 

estimating total wheel torque as a function of 
operating variables including inertia of both the motor and the 
generator, angular acceleration of the engine, motor torque and 
torque ratio from the motor to the vehicle wheels . 

4. (Withdrawn) A method for determining driving 
wheel torque for a vehicle having a hybrid electric powertrain 
with non-parallel and parallel operating modes, the powertrain 
comprising an engine, an electric motor, a battery, a generator 
and gearing that define plural torque flow paths from the engine 
and the motor to vehicle wheels, the method comprising: 

calculating angular acceleration of the motor; 

calculating angular acceleration of the engine; 

calculating moments of inertia of the motor, the engine 
and the generator; and 

calculating static gearing output torque during 
operation in the parallel mode as a function of operating 
variables including torque ratio from the generator to the motor, 
engine torque, engine moment of inertia and engine angular 
acceleration. 

5. (Currently Amended) The method set forth in claim 
1 wherein estimated total wheel torque is computed in accordance 
with the equation: 

^ total_wheel~'^mot2wheel * ( ^mot ~ ^p@mot "'"^ gen_couple*^Ot.C0gyjg — J'jj^^^j._gf f ^dotCO^ng) 
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where : 



total_wheel 



■mot 2 wheel 



p@inot 



gen_couple 



dot CO 



eng 



motef f 



mot 



total wheel torque estimates- 
torque ratio from motor to wheels; 
torque & motor shaft; 

coupled combined moment of inertia of generator 
and the gear element to which it is connected; 
engine angular acceleration; 

sum of the lumped motor and gearing inertia and 
the lumped generator inertia reflected at the 
motor; and 
motor torque . 



6. 



( Wi thdr awn ) 



The method set forth in claim 2 



wherein estimated total wheel torque is computed in accordance 
with the equation: 



^total_wheel~'^mot2wheel * ( ^mot ^p@mot"*"*-^gen_couple* ^^^^eng ^mot_ef f * ^^^^eng ) 



where : 

total_wheel 



T. 



mot 2 wheel 



p@mot 



gen_couple 



dotoo 



eng 



mot eff 



total wheel torque estimate; 
torque ratio from motor to wheels; 
torque @ motor shaft; 

coupled moment of inertia of generator and the 
gear element to which it is connected; 
engine angular acceleration; 

sum of the lumped motor and gearing inertia ,and 
the lumped generator inertia reflected at the 
motor; and 



T 



mot 



motor torque - 



7. (Withdrawn) The method set forth in claim 3 
wherein estimated total wheel torque is computed in accordance 
with the equation: 
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gen_couple 



''^total_wheel~''^mot2wheel* ( "Cmot ~ "'^p@mot"*"*^gen_couple * ^^^^eng *Jmot_ef f * ^-CO^ng ) 

where : 

Ttotai_wheei = total wheel torque estimate; 

Tniot2wheei = torque ratio from motor to wheels; 

Tp@inot = torque @ motor shaft; 

= coupled moment of inertia of generator and the 

gear element to which it is connected; 
dotcoeng = engine angular acceleration; 

Jmot_eff = sum of the Iximped motor and gearing inertia and 

the lumped generator inertia reflected at the 
motor; and 

Tj^Qt = motor torque - 

8. (Withdrawn) The method set forth in claim 3 
wherein static gearing output torque is computed in accordance 
with the equation: 

T ='V * T 

*- p@mot gen2mot gen 

where : 

■CpQmot = torque at motor shaft; 

Tgen2mot = torque ratio from generator to motor shaft; and 
Tgen = generator torque. 

9. (Withdrawn) The method set forth in claim 4 wherein 
static gearing output torque is computed in accordance with the 
equation : 

^ p@mot ~ ~ '^gen2mot ( ^ eng ~ ^eng * ^ ^eng ) 

where : 

"Cpemot = torque at motor shaft; 

Tgen2inot = torque ratio from engine to motor shaft; 
"^eng = engine torque; 
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Jeng = luHiped moment of inertia of engine and the element of 

the gearing to which it is connected; and 
dotcoeng = engine angular acceleration. 

10. (Withdrawn) The method set forth in claim 4 
wherein estimated total wheel torque is computed in accordance 
with the equation: 



^ total_wheel'"'^mot2wheel* ( ^mot ^p@mot "^*-^gen_couple *^^^^eng *-^mot_ef f *^^^^eng ) 

where : 

totai_wheei = total wheel torque estimate; 

Tinot2wheei = torque ratio from motor to wheels; 

"i^p@mot = torque @ motor shaft; 

Jgen_coupie = coupled moment of inertia of generator and the 

gear element to which it is connected; 
dotcOeng = engine angular acceleration; 

Jmot_eff = sum of the lumped motor and gearing inertia and 

the lumped generator inertia reflected at the 
motor; and 

Xinot - motor torqpae. 

11- (Currently Amended) The method set forth in claim 
1' wherein static gearing output torque is computed during 
operation in the non-parallel mode in accordance with the 
equation : 

T ='T' * T 

'-pOmot gen2inot "-gen 

where : 

T^pQmot = torque at motor shaft; 

Tgen2mot = torque ratio from generator to motor shaft; and 
"^gen = generator torque. 



*1 
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12 . (Withdrawn) The method set forth in claim 2 
wherein static gearing output torque is computed in accordance 
with the equation: 



where : 

pemot ~ 

T 

gen2mot 
''-gen "~ 



T —rn * -p 

*- pOmot gen2mot gen 

torque at motor shafts- 
torque ratio from generator to motor shaft; and 
generator torque . 



13 . 



(New) 



The method set forth in claim 1 wherein 



static gearing output torque is computed during operation of the 
powertrain in the parallel operating mode in accordance with the 



equation : 



"^p©mot 



eng2mot ( ^ eng *^eng * ^^eng ) 



where : 



p@mot 



eng2mot 



eng 



eng 



dotco 



eng 



torque at motor shaft; 

torque ratio from engine to motor shaft; 
engine torque ; 

liamped moment of inertia of engine and the element of 
the gearing to which it is connected; and 
engine angular acceleration. 



14. (New) The method set forth in claim 1 wherein the 
step of determining whether the powertrain is operating in the 
parallel operating mode or in the non-parallel operating mode 
comprises : 

verifying that the generator speed is less than a 
predetermined threshold speed value and that the generator torque 
is less than a predetermined threshold torque value; and 

conditioning the controller for the non-parallel 
operating mode if the generator speed is less than a 
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predetermined threshold speed value and the generator torque is 
less than a predetermined threshold torque value. 

15- (New) The method set forth in claim 1 wherein 

the step of determining whether the powertrain is operating in 
the parallel operating mode or in the non-parallel operating mode 
comprises : 

verifying that the generator speed is greater than or 
equal to a predetermined threshold speed value and that the 
generator torque is greater than or equal to a predetermined 
threshold torque value; and 

conditioning the controller for the parallel operating 
mode if the generator speed is greater than or equal to a 
predetermined threshold speed value and the generator torque is 
greater than or equal to a threshold torque value. 

16. (New) A method for deteirmining driving wheel 

torque for a vehicle having a hybrid electric powertrain, the 
powertrain comprising an engine, an electric motor, a battery, 
a generator and gearing that define plural torque flow paths from 
the engine and the motor to a torque output shaft, the powertrain 
having a parallel operating mode in which the engine and the 
motor together solely define a power source and a non-parallel 
operating mode in which the engine, the generator and the motor 
solely define a power source, and a powertrain controller for 
controlling power distribution to vehicle traction wheels; the 
method comprising: 

measuring values for motor speed, generator speed, 
engine speed, motor torque, generator torque, engine torque and 
storing these values in the controller; 

calculating an angular acceleration for the motor; 

calculating an angular acceleration for the engine; 

determining whether the powertrain is operating in the 
parallel operating mode or in the non-parallel operating mode; 
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calculating a combined moment of inertia for the motor 
and a gearing element to which it is connected; 

calculating a combined moment of inertia for the 
generator and a gearing element to which it is connected; 

calculating a combined moment of inertia for the engine 
and a gearing element to which it is connected; 

calculating torque ratio of gearing between the 
generator and the motor; 

calculating torque ratio of gearing between the engine 
and the motor; 

calculating torque ratio of gearing between the motor 
and vehicle traction wheels; 

calculating static gearing output torque at the motor 
when the powertrain is in a non-parallel operating mode as a 
function of torque ratio of gearing between the generator and the 
motor and generator torque; and 

estimating total wheel torque as a function of torque 
ratio of gearing between the motor and the traction wheels, 
torque of the motor, static gearing output torque, combined 
moment of inertia of the generator and a gearing element to which 
it is connected, angular acceleration of the engine, the sum of 
the combined moment of inertia of the motor and a gearing element 
to which it is connected and the combined moment of inertia of 
the generator and a gearing element to which it is connected and 
engine angular acceleration; 

whereby total output torque at the traction wheels for 
given operating conditions is estimated to permit control of 
traction wheel torque and ensure that actual powertrain output 
torque corresponds to a torque command by the controller. 

17 . (New) A method for determining driving wheel 

torque for a vehicle having a hybrid electric powertrain, the 
powertrain comprising an engine, an electric motor, a battery, 
a generator and gearing that define plural torque flow paths from 
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the engine and the motor to a torque output shaft, the powertrain 
having a parallel operating mode in which the engine and the 
motor together solely define a power source and a non-parallel 
operating mode in which the engine, the generator and the motor 
solely define a power source, and a powertrain controller for 
controlling power distribution to vehicle traction wheels; the 
method comprising: 

measuring values for motor speed, generator speed, 
engine speed, motor torque, generator torque, engine torque and 
storing these values in the controller; 

calculating an angular acceleration for the motor; 

calculating an angular acceleration for the engine; 

determining whether the powertrain is operating in the 
parallel operating mode or in the non-parallel operating mode; 

calculating a combined moment of inertia for the motor 
and a gearing element to which it is connected; 

calculating a combined moment of inertia for the 
generator and a gearing element to which it is connected; 

calculating a combined moment of inertia for the engine 
and a gearing element to which it is connected; 

calculating torque ratio of gearing between the 
generator and the motor; 

calculating torque ratio of gearing between the engine 
and the motor; 

calculating torque ratio of gearing between the motor 
and vehicle traction wheels; 

calculating static gearing output torque at the motor 
when the powertrain is in the parallel operating mode as a 
function of torque ratio of gearing between the engine and the 
motor, engine torque, the combined moment of inertia of the 
engine and a gearing element to which it is connected, and 
angular acceleration of the engine; 

estimating total wheel torque as a function of torque 
ratio of gearing between the motor and the traction wheels, 
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torque of the motor, static gearing output torque, combined 
moment of inertia of the generator and a gearing element to which 
it is connected, angular acceleration of the engine, the sum of 
the combined moment of inertia of the motor and a gearing element 
to which it is connected and the combined moment of inertia of 
the generator and a gearing element to which it is connected and 
engine angular acceleration; 

whereby total output torque at the traction wheels for 
given operating conditions is estimated to permit control of 
traction wheel torque and ensure that actual powertrain output 
torque corresponds to a torque command by the controller. 



18. (New) The method set forth in claim 16 wherein 

static gearing output torque is computed in accordance with the 
equation : 



T ="7^ ■*■ T 

p@mot gen2mot gen 



where : 



p@inot 



gen2mot 



gen 



torque at motor shaft; 

torque ratio from generator to motor shaft; and 
generator torque. 



19. (New) The method set forth in claim 17 wherein 

static gearing output torque is computed in accordance with the 
equation : 



T = -T 

p@mot 



eng2mot * ( ^ eng *-^eng*dO tODgng ) 



where : 



p@mot 



eng2inot 



eng 



torque at motor shaft; 

torque ratio from engine to motor shaft; 
engine torque; 
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combined moment of inertia of engine and the element 
of the gearing to which it is connected; and 

engine angular acceleration. 



do tCL)„„„ 
eng 
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